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Previous evidence has shown that word pairs that are either related in form 
(e.g., ruc-berro; donkey-watercress) or very closely semantically related 
(e.g., ruc-caballo, donkey-horse) produce interference effects in a 
translation recognition task (Ferre et al., 2006; Guasch et al., 2008). 
However, these effects are not observed when the words have a less close 
semantic relation (e.g., ruc-oso, donkey-bear). The lack of interference in 
less similar words could be due to the low level of activation of the 
corresponding semantic representations by the time the translation decision 
has to be made. The present experiments tested this possibility using the 
same materials as the previous studies but decreasing from 500 ms to 250 
ms the presentation time of the word to be translated. Performance of highly 
proficient bilinguals of Spanish and Catalan was examined in two 
experiments. Catalan-Spanish translation direction was tested in Experiment 
1 and Spanish-Catalan direction in Experiment 2. The results showed 
significant effects only with form and very close semantic relations, but not 
in the case of less closely semantically related words. The pattern of results 
was the same, regardless of translation direction and language dominance. 


The representation and access to meaning is a central issue in current 
studies of bilingual memory, not only for a speaker who has leamt a second 
language but also for the bilingual speaker who has achieved a high level of 
proficiency in his/her two languages. There is a consensus among the 
various theoretical models of bilingual memory regarding the two levels of 
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representation to be posited: a lexical level, containing information of the 
orthographic and phonological fonn of the word, and a semantic-conceptual 
level that represents its meaning. All these models agree that the level of 
semantic/conceptual representation is shared (to a greater or lesser extent) 
between the two languages, but while some postulate local representations 
(e.g. the Revised Hierarchical Model of Kroll & Stewart, 1994, or the BIA+ 
interactive activation model of Dijkstra & van Heuven, 2002), others 
propose distributed representations (e.g. the distributed representational 
model proposed by de Groot 1992a, 1992b). Many studies have been 
carried out over the last two decades in an attempt to detennine the type of 
connections between the lexical forms of words between the two languages 
of the bilingual, including how these forms are linked to the corresponding, 
shared semantic representations within the common conceptual system (e.g. 
Altarriba & Matis, 1997; Ferre, Sanchez-Casas, Garcia-Albea & Guasch, 
2006; Guasch, Sanchez-Casas, Ferre, & Garcia-Albea, 2008; Kroll, Michael 
& Sankaranaraanan, 1998; Linck, Kroll & Sunderman, 2009; Sunderman & 
Kroll, 2006; Talamas, Kroll & Dofour, 1999). However, the available 
evidence is not always consistent and the answers to some of these 
questions are still subject to controversy. This work follows the same line of 
research of the aforementioned studies, focusing, in particular, on how 
meaning is accessed from the words in the two languages by examining 
highly proficient bilinguals of Catalan and Spanish (with dominance in 
either language). 

One of the proposed bilingual models that has been very influential in 
recent years in the study on word meaning access is the Revised 
Hierarchical Model (RHM, Kroll & Stewart, 1994). The RHM proposes two 
separate lexicons, one for each language (LI and L2), in addition to a 
shared integrated conceptual system that is connected to both lexicons. This 
model also assumes that LI has connections and direct access to the 
conceptual system, and that the strength of the connections between L2 and 
the conceptual system varies according to the level of proficiency. This 
latter assumption is based on the fact that many words in L2 are learned by 
lexical associations with their equivalents in LI. The model, therefore, 
suggests that the connections between the words in L2 and its 
corresponding concepts are reinforced as proficiency in L2 increases while 
lexical dependence on LI decreases. As a consequence, proficient bilinguals 
could access the conceptual system directly from both their LI and their L2, 
while second-language learners would access the system using LI only. 

Translation from L2 into LI has received greater attention in studies 
that test the RHM, as differences between learners and proficient bilinguals 
concerning how the conceptual system is accessed are only predicted by the 
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model in this direction. These studies have mostly used the translation 
recognition task and an interference paradigm (e.g. Ferre et al., 2006; 
Guasch et al., 2008; Linck et al., 2009; Sunderman & Kroll, 2006). In this 
task, participants are presented with a word in one language followed by a 
second word in the other language, and have to decide whether the second 
word is a translation of the first (de Groot, 1992). As well as the word pairs 
that are translations, the task also includes critical items consisting of pairs 
of words that are not translations but may be related in form (e.g. ruc-berro 
[donkey-watercress], where berro [watercress] is similar to burro 
[donkey]), in meaning (e.g. ruc-caballo [donkey-horse]), or may not be 
related at all (e.g. ruc-domingo [donkey-Sunday]). The difference between 
the time taken to recognise the pairs of related words (in form or in 
meaning) as non-translations and the time used in this recognition for 
unrelated word pairs is known as the interference effect. 

The first study to investigate how meaning is accessed from words in 
the two languages using the interference effect in the translation recognition 
task was performed by Talamas et al. (1999). Participants were native 
English (LI) speakers with varying levels of proficiency in Spanish (L2). 
The RHM predictions were tested by manipulating the relationship between 
the words in the pairs that were not translations (relationship of form: e.g. 
cielo-blind (cielo=heaven, ciego =blind); semantically related: e.g. sordo- 
blind (sordo=deaf); unrelated: e.g. duetto-blind (dueno=owner)). The 
results of the bilingual speakers with the highest level of L2 proficiency 
supported the RHM’s predictions. Talamas et al. (1999) found that 
proficient bilinguals were slower when they had to reject as non-translations 
those pairs that were related in meaning (e.g. sordo-blind) than when the 
pairs were related in form (e.g. cielo-blind), which confirms that they access 
the conceptual system directly from their second language. 

More recently, Sundennan and Kroll (2006) and Linck et al. (2009) 
also used the translation recognition task and obtained a similar pattern of 
results with proficient bilinguals of English (LI) and Spanish (L2). In both 
studies, the most proficient bilinguals showed a greater interference effect 
with semantically related words than with words related in form when the 
translation was from L2 to LI, which once again confirmed the predictions 
of the RHM. 

Talamas et al. (1999) and Sundennan and Kroll (2006) found an 
additional result which was not related to the assumptions on which the 
RHM is based. In a post-hoc analysis, these authors compared the 
interference effect in the initial set of meaning-related words, dividing them 
into two groups according to their similarities (either more or less similar), 
using a judgement task. The results of this analysis showed that proficient 
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bilinguals presented interference effects with both the more and the less 
similar words, but these effects were greater in the fonner than in the latter; 
in other words, the greater the similarity in meaning, the greater the 
interference effect. This pattern of results is important, as it suggests that 
the degree of meaning similarity can be used as an index of the extent to 
which semantic representations are activated across the two languages. 
However, it should be noted that these results were obtained in an a 
posteriori analysis in both studies, and any conclusion must therefore be 
considered with caution. 

To the best of our knowledge, the only bilingual study which has 
experimentally manipulated the degree of similarity using the interference 
paradigm is that of Ferre et al. (2006). These authors carried out a study 
with native, bilingual speakers of Spanish (LI) and Catalan (L2) in the 
critical translation direction (i.e., from L2 to LI) in order to more rigorously 
analyse the influence of the degree of semantic similarity on interference 
effects in the translation recognition task. As well as using the similarity 
judgement task to establish proximity in meaning, as did Talamas et al. 
(1999) and Sundennan and Kroll (2006), Ferre et al. (2006) also employed 
a feature generation task, used to calculate the semantic distance between 
the words in non-translation pairs according to the number of common 
features (see Sanchez-Casas, Ferre, Garcia-Albea & Guasch, 2006, for a 
detailed description of the procedure). Based on these two measures, the 
words that were semantically related were categorised either as words with 
a very close semantic relationship, or as having a less close relationship. 
The words with a very close relationship shared a larger number of 
semantic features (e.g. ruc-caballo [donkey-horse]) than those that were 
less close (e.g. ruc-oso [donkey-bear]). As well as specifying the variable 
“degree of semantic similarity” between words more precisely, these 
authors also manipulated it as a factor in the experiment. 

Likewise, as in the previous studies (Talamas et al., 1999; Sundennan 
& Kroll, 2006), they included pairs of non-translations related in form (e.g. 
ruc-berro [donkey-watercress], where berro [watercress] is similar to burro 
[donkey]). Finally, the authors selected three groups of bilinguals of 
Spanish and Catalan: early and late highly proficient bilinguals, depending 
on the age of acquisition of the second language (before and after puberty), 
and a group of late non-proficient bilinguals. 

The results obtained by Ferre et al. (2006) confirmed partially the 
predictions of the RHM. As predicted, non-proficient bilinguals only 
showed form interference effects supporting a lexically mediated access to 
the conceptual system with lower level of proficiency in L2. The two 
groups of proficient bilinguals (early and late) also showed the expected 
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interference effects both in words related in fonn and in meaning. However, 
against the model's predictions, these effects were of a similar magnitude in 
both groups. As mentioned earlier, the RHM proposes that proficient 
bilinguals can have direct access to the conceptual system when translating 
from L2 to LI; so bilinguals as the ones who participated in Ferre et al.'s 
study, should have shown more semantic than form interference effects. 

Importantly, the pattern of interference effects reported by Ferre et al. 
with semantically related words also contrasts with previous studies 
(Talamas et al. (1999) and Sundennan & Kroll, 2006). While these studies 
found both very close and less close semantically related words to produce 
interference effects, Ferre et al. only found evidence of these effects in the 
very close semantic relationship (e.g. with ruc-caballo [donkey-horse] but 
not with ruc-oso [donkey-bear]). The same results were recently replicated 
by Guasch et al. (2008), who also examined proficient bilinguals of Spanish 
and Catalan by using the same materials. The present study was designed 
with the general aim of further exploring the pattern of interference effects 
with very close and less close semantically related words, testing also 
highly proficient bilinguals of Spanish and Catalan. 

In its current formulation, the RHM does not explain how the degree 
of similarity could modulate the effect of semantic interference. Moreover, 
we have just reviewed some translation recognition data that are not always 
consistent with the model's predictions (see Brysbaert & Duyk, 2010 for 
other limitations of the RHM and Kroll, van Hell, Tokowicz, & Green, 
2010 for a reply). A model that could suggest a possible answer to the 
question under examination here, as well as to provide an alternative 
explanation of the different performance between non-proficient and 
proficient bilinguals, is the distributed representational model (DRM) (de 
Groot, 1992a., 1992b; van Hell & De Groot, 1998a, 1998b). The DRM 
represents the semantic/conceptual word level as a set of nodes which 
correspond to semantic features and which are connected to the 
corresponding lexical fonns in the two languages. The model also assumes 
that the greater the similarity in meaning between two words, the larger the 
number of nodes shared by their semantic representations (e.g., Schoonbaert 
et al., 2009). Thus, two words which are very closely related in meaning 
across the two languages would be expected to activate more shared nodes 
than words with less close semantic relationships, and consequently, to 
produce greater interference effects than less close words. 

Moreover, a recent version of the DRM could also explain why non¬ 
proficient bilinguals would not show evidence of semantic interference 
effects when translating fonn L2 to LI. In particular, it has been recently 
suggested that semantic representations would be richer for LI than for L2 
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for unbalanced (proficient) bilinguals, what implies that an LI word would 
activate more conceptual nodes than an L2 word (e.g., Duyck & Brysbaert, 
2004; Schoonbaert et al., 2009). Based on this proposal, it seems reasonable 
to expect that non-proficient bilinguals will show less or no semantic 
interference effects. This explanation differs from that offered by the RHM 
since this model suggests that low proficient bilinguals will access the 
conceptual system via the LI word (i.e., an interpretation in qualitative 
terms), while the DRM puts forward a quantitative interpretation by 
suggesting that the word in L2 does not activate all the nodes corresponding 
to the shared semantic representation. 

Given that the DRM provides testable explanations regarding the 
influence of semantic relations across languages in translation recognition, 
and the role of meaning similarity in determining the magnitude of semantic 
interference effects, this model was adopted as the main theoretical 
framework in the present study. 

Focusing now in the issue of very close and less close semantic 
relations, the majority of studies that have explored these relations both 
within-one-language (e.g. MacRae & Boisvert, 1998; Sanchez-Casas, et al., 
2006; Vigliocco, Vinson, Lewis & Garrett, 2004), and between-languages 
(Guasch, Sanchez-Casas, Ferre & Garcia-Albea, in press), used the priming 
paradigm. The evidence from these studies suggests that the magnitude of 
the priming effect is sensitive to the degree of semantic similarity (defined 
in terms of the number of shared semantic features). These studies found 
that recognition of a word (the target) was facilitated by the prior 
presentation of a semantically related word (the prime) in comparison with 
an unrelated control, and that this facilitation increases as the similarity in 
meaning increases. In particular, Guasch et al. (in press) obtained 
facilitation effects in the two types of semantic relations (very close and less 
close), which were greater when the semantic overlap was greater. These 
effects were found in proficient bilinguals of Spanish (LI) and Catalan (L2) 
in both directions (L1-L2 vs. L2-L1) in two different tasks: the lexical 
decision task (which involves deciding whether a sequence of letters 
constitutes a word or not) and the semantic decision task (where subjects 
must decide whether a word is concrete or abstract). 

If we assume, as some data (Sunderman & Kroll, 2006; Talamas et al. 
1999) appear to suggest, that the interference effect is sensitive to the 
degree of similarity (defined in tenns of the number of shared features), as 
it is the case in the facilitation effect, the DRM would make the same 
predictions with respect to both types of effects. If the most similar word 
pairs (e.g. ruc-caballo [donkey-horse]) have more overlapping semantic 
features than those that are less similar (e.g. ruc-oso [donkey-bear]), then 
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more semantic nodes would be activated in the former than in the latter. 
This greater number of activated nodes would be reflected in an increased 
facilitation effect in the priming paradigm (a shorter response time and 
fewer errors in the most similar words), and a greater interference effect in 
the translation recognition task (a longer response time and more errors in 
the most similar words). Regardless of the paradigm, the DRM therefore 
predicts that the more the number of shared features, the greater the 
activation at the conceptual/semantic level (see Figure 1). 


TRANSLATION 


VERY CLOSE 
SEMANTIC RELATION 


CLOSE 

SEMANTIC RELATION 


LEXICAL 

LEVEL 


SEMANTIC 

LEVEL 




Figure 1: Explanation of the interference effects according to the DRM, 
The nodes activated by the two words in the pair in the semantic level 
are shown in black. 


In the case of the interference effects, the predictions of the DRM 
regarding the influence of the degree of similarity (e.g. the greater the 
semantic similarity, the greater the interference effect) are only partially 
confirmed as we have seen that only the most similar words consistently 
produce interference effects. In the pairs with less semantic similarity, and 
despite sharing semantic features, the interference effects were not observed 
in all studies. One difference between these studies that can be important to 
take into account in order to explain the inconsistent results regarding the 
pattern of semantic interference effects, relates to the materials used. 
Specifically, in the studies of Talamas et al. (1999) and Sunderman & Kroll 
(2006), the selected word pairs had a semantic as well as an associative 
relationship (e.g. raton-queso) [mouse-cheese]), while in Ferre et al. (2006) 
and Guasch et al. (2008) the relationship was purely semantic (e.g. burro- 
caballo [donkey-horse]). In the case of the priming paradigm, some data 
suggest that the words which have an associative as well as a semantic 
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relationship lead to greater facilitation that those that are only related 
semantically (e.g. Perea & Rosa, 2002), so such a difference might also be 
relevant when the interference paradigm is used (see Ferre et al, 2006 for 
the discussion of this possibility). 

Another factor that could contribute to explain the absence of effects 
in less similar words could be that their degree of similarity is not sufficient 
to cause interference. However, there are some data that question this 
explanation. Firstly, the semantic similarity of less similar words in the 
Ferre et al.'s (2006) study is similar to that of previous studies that did find 
some interference in post-hoc analyses (e.g. Sunderman & Kroll 2006; 
Talamas et al., 1998). Secondly, and as mentioned above, these same words 
show effects of priming both within (Sanchez-Casas et al., 2006) and 
between languages (Guasch et al., in press). 

A different sort of explanation for the failure to find an interference 
effect in less similar words could be related to the decline of the level of 
activation in the semantic/conceptual level of representation (hereinafter the 
low activation account). The interpretation of interference effects in the 
DRM suggests that when two words that are related semantically are 
presented, the nodes at the semantic level are activated (shared and not 
shared), but the level of activation is modulated by the degree of similarity 
in meaning. For example, when the word rue [donkey] is presented, the 
nodes for the semantic representation of the word caballo [horse] (very 
closely related), and oso [bear] (less closely related), would be activated, as 
both caballo and oso share semantic features with rue. However, the 
attained activation level would be comparatively higher for caballo than for 
oso, as there is a greater semantic overlap between rue and caballo than 
between rue and oso. Assuming that the activation level gradually declines 
and that it is lower in the case of the word oso, it is possible that by the time 
the decision has to be made regarding whether or not oso is a translation of 
rue, the activation level for the word oso is already too low to compete with 
the correct translation. In other words, oso “would have already been ruled 
out as a possible translation”. On the other hand, in the case of the word 
caballo [horse], the level of activation would still be high at the time of the 
decision and it would, consequently, be able to produce an interference 
effect. If this interpretation is correct, the question to be answered is why 
priming effects are observed regardless of the degree of semantic similarity, 
albeit of lower magnitude in words that are less closely related. In this 
respect, it is noteworthy that in the priming experiments, the presentation 
time of the first word (the prime) was 250 ms (Guasch et al., in press), 
while in the translation recognition experiments, which included the same 
words, the presentation time was 500 ms (Ferre et al., 2006) and 750 ms 
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(Guasch et al., 2008). It is therefore possible that these presentation times 
were too long and, as a result, no interference effects were observed in 
words that were less closely related. 

The first and main aim of the present study was to test the low 
activation account as a possible explanation of the absence of interference 
by reducing the presentation time of the first word to 250 ms; this time of 
presentation was chosen because it was the same as the one used in the 
priming experiments. If the low activation account is correct, we would 
predict that 250 ms of exposure would lead to interference effects in both 
types of semantic relations, with these effects being greater when the 
similarity of meaning is greater. 

A second aim of this study was to ascertain whether the direction of 
the translation recognition task affects the pattern of the interference effects. 
As mentioned earlier, most translation recognition studies have examined 
translation from L2 to LI, as that was the critical direction for testing the 
predictions of the RHM (e.g. Ferre, et al., 2006; Guasch, et al., 2008; Linck 
et al., 2009; Sunderman & Kroll, 2006). However, to examine translation 
direction as an experimental factor is important since it has been found to be 
relevant in determining different findings. For instance, in priming studies, 
facilitation effects tend to be of a lesser magnitude or even nonexistent 
when the prime is in L2 than when it is in LI (see Schoonbaert et al, 2009, 
for a review). More importantly, recent studies have shown that in the case 
of very proficient balanced bilinguals in the two languages, as the ones who 
participated in the present study, facilitation is the same regardless of the 
language of the prime (e.g. Guasch et al., in press; Davis et al., 2010; 
Dunabeitia, et al., 2009; Perea, Carreiras & Dunabeitia, 2008;). According 
to the DRM, highly balanced proficient bilinguals, as the ones tested in the 
current study, would not be expected to present differences in the 
magnitude of the interference effect as a function of translation direction 
(L1-L2 vs. L2-L1), since in this case the model proposes that both LI and 
L2 lexical forms would activate the same number of nodes at the 
semantic/conceptual level. 

A final variable object of investigation in this study, related to the 
previous one, is the dominance of the bilingual speaker (Spanish or 
Catalan). This variable has not been considered in previous studies where 
unbalanced bilinguals, more or less proficient in L2, have been examined. 
For instance, in the studies of Talamas et al. (1999) and Sunderman & Kroll 
(2006), the participants were English-Spanish bilinguals that were dominant 
in English. In both cases, the dominant language was always the one where 
the bilingual had a higher level of proficiency (i.e., subjects were clearly 
more proficient in English than in Spanish). In the studies by Ferre et al. 
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(2006) and Guasch et al. (2008), the bilinguals were very proficient in both 
languages but were dominant in Spanish (with the exception of Perea et al, 
2008, and Guasch et al., in press) this has been also the case in the priming 
studies). The question of interest here is to examine whether dominance 
affects the interference pattern when the proficiency of the bilingual 
speakers is high and very similar in the two languages (i.e, balanced 
bilinguals); that is, to test separately the effects of the two variables. As can 
be seen in the description of the participants (see the Method section), the 
bilinguals we tested are highly proficient in both Spanish and Catalan, 
although they have a dominant language established primarily on language 
use. Therefore, in our view, they provide a good opportunity to determine if 
these two variables have a differential effect. If the determining factor is 
proficiency rather than dominance, as the DRM assumes, we would expect 
to find the same interference pattern regardless of the dominant language. 
On the other hand, if dominance is the critical variable, we could observe 
greater interference when the translation is from a more dominant language, 
as this is the first language. 

In sum, the aims of the present study were as follows: 1) to determine 
whether with a presentation time of 250 ms for the first word, there are 
interference effects in the close semantic relationship, by using the same 
words and tasks used in previous studies; 2) to ascertain whether the 
interference effects are observed in both translation directions (L1-L2 vs. 
L2-L1); and 3) to establish the influence of language dominance (Spanish or 
Catalan) on the pattern of semantic interference effect. In order to fulfil 
these objectives, two translation recognition experiments were undertaken, 
from Catalan to Spanish (Experiment 1) and from Spanish to Catalan 
(Experiment 2). Two groups of highly proficient Catalan and Spanish 
bilinguals participated in each experiment: one group was dominant in 
Catalan and the other was dominant in Spanish; both groups came from a 
similar population. In Experiment 1, the group that was dominant in Catalan 
had to translate from their LI (Catalan) to their L2 (Spanish) and the group 
dominant in Spanish from their L2 (Catalan) to their Li (Spanish). 
Experiment 2 reversed the process, with the group dominant in Catalan 
translating from L2 (Spanish) to Li (Catalan) and the group dominant in 
Spanish from their Li (Spanish) to their L2 (Catalan). The materials and 
procedure were the same in both experiments. 


EXPERIMENTS 


General description of the participants. Before presenting the 
experiments, it is necessary to describe the bilingual speakers who 
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participated in the study. In the two experiments carried out, the participants 
were bilinguals in Catalan and Spanish, and had learned both languages in a 
context of immersion since a young age (Catalan and Spanish are both 
official languages in Catalonia). In order to establish the bilingual speakers' 
background, all participants answered a questionnaire. In the questionnaire, 
they were asked about their experience with the two languages (LI, age of 
L2 acquisition, language spoken at home, at school, etc.) and to estimate 
their perceived proficiency in listening, speaking, reading and writing, as 
well as the frequency of use and preference in each of these four linguistic 
abilities. The level of Catalan and Spanish proficiency acquired in the two 
languages was evaluated using a scale from 1 to 7 (1= low level, 7= high 
level). The participants rated frequency and preference on a scale from 1 to 
7, where the scores from 1 to 3 meant they used and prefer more Catalan 
than Spanish and 5 to 7, more Spanish than Catalan. The middle scores (4) 
represented that participants used and preferred both languages to an equal 
extent. 

On the basis of the infonnation from the questionnaire, two groups of 
participants were selected, one group of dominant Catalan bilinguals and 
the other dominant Spanish bilinguals. The main criteria to establish 
language dominance were: LI, proficiency, frequency of use, and preferred 
language. The Catalan dominant group had Catalan as their LI, and they 
used and preferred this language in the four abilities, while Spanish was the 
selected language for the Spanish dominant group. Regarding proficiency, 
both groups evaluated themselves as highly proficient in their two 
languages, although the non-dominant language received slightly lower 
rates than the dominant one. The data from the questionnaires obtained in 
each group are shown in Table 1. 


EXPERIMENT 1: CATALAN - SPANISH DIRECTION 

METHOD 

Participants. A total of 85 third year Psychology students at 
Universitat Rovira i Virgili (Tarragona) participated in the experiment. The 
mean age of the participants was 20.3 (SD = 4.4). All had normal or 
corrected vision. Table 1 shows the scores (mean and standard deviation) in 
proficiency, frequency of use and preference in the four linguistic skills 
(listening, speaking, reading and writing) in two bilingual dominant groups. 
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Table 1: Data from the language questionnaire for the participants in 
Experimentl (Catalan-Spanish direction) and in Experiment 2 
(Spanish-Catalan direction). Mean and standard deviation of the 
proficiency, frequency of use and preference scores, in the four 
linguistic skills (listening, speaking, reading and writing). 



Experiment 1 (Catalan- 
Spanish direction) 

Experiment 2 (Spanish- 
Catalan direction) 

Dominant 

Catalan 

Mean SD 

Dominant 

Spanish 

Mean SD 

Dominant 

Catalan 

Mean SD 

Dominant 

Spanish 

Mean SD 

Catalan proficiency 









Listening 

7.0 

0.2 

6.8 

0.5 

7.0 

0.2 

6.4 


Speaking 

6.8 

0.4 

5.9 

1.0 

7.0 

0.3 

5.8 

1.3 

Reading 

6.8 

0.4 

6.6 

0.7 

7.0 

0.3 

6.3 


Writing 

6.4 

0.7 

6.0 

1.1 

6.6 

0.6 

5.7 


Spanish proficiency 









Listening 

6.8 

0.5 

7.0 

0.2 

6.9 

0.2 

6.8 

0.4 

Speaking 

6.3 

0.9 

6.8 

0.4 

6.4 

0.8 

6.7 

0.5 

Reading 

6.7 

0.6 

6.9 

0.3 

6.9 

0.4 

6.7 

0.5 

Writing 

6.3 

0.8 

6.6 

0.6 

6.6 

0.6 

5.9 

1.6 

Frequency of use 









Listening 

3.1 

0.9 

4.8 

0.9 

2.8 


4.4 

1.2 

Speaking 

4.0 

1.4 

5.3 

1.4 

2.3 

1.2 


1.5 

Reading 

2.5 

0.9 

5.5 

1.0 

3.7 

1.5 

4.8 

1.3 

Writing 

2.8 

1.3 

5.3 

1.2 

2.7 

1.5 

4.4 

1.2 

Preference 









Listening 

3.0 

1.3 

4.7 

1.0 

3.1 

1.2 

4.2 

0.6 

Speaking 

2.1 

1.2 

5.7 

1.0 

2.3 

1.2 

5.2 

1.0 

Reading 

3.3 

1.4 

5.2 

1.3 

3.4 

1.4 

4.8 

1.0 

Writing 

3.0 

1.6 

5.4 

1.3 


1.3 

4.6 

1.5 
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Catalan dominant group: The forty-eight participants in the Catalan 
dominant group had been bom in Catalonia, where they acquired the two 
languages in childhood (age of acquisition of Spanish, X = 2.2, SD = 2.3). 
The statistical comparisons made between the measures of level of 
proficiency in Catalan and Spanish show that there are significant 
differences between Catalan and Spanish, in favour of Catalan in “listening” 
[t(42)=2.47, p<.05], “reading” [t(42)=2.35, p<.05] and “speaking” 
[t(42)=4.79, p<.05]. However, no significant differences were observed in 
the level of proficiency in “writing” [t(42)=1.00, p>.05]. The Catalan 
dominant participants considered themselves equally proficient when 
writing in both languages. 

Spanish dominant group: Of the thirty-seven participants in the 
Spanish dominant group, thirty-three had been bom in Catalonia, and four 
had arrived in Catalonia at a mean age of 2.2 (SD = 1.3) and had learned 
Catalan during their childhood (age of acquisition X = 2.2, SD = 1.6). The 
Spanish dominant participants assessed themselves as more proficient in 
Spanish than Catalan in “listening” [t (30)=1.98, p=.05], “reading” [t 
(30)=2.75, p<.05], “speaking” [t (30)=5.33, p<.05] and “writing” [t 
(30)=2.82, p<.05]. 

As regards the frequency of use, each group was found to use its first 
language more often than its second language. The differences between 
each group's scores are significant in each of the skills measured: 
“listening” [t (72)=7.62, p<.05], “speaking” [t (72)=3.96, p<.05], “reading” 
[t (72)=13.19, p<.05] and “writing” [t (72)=7.97; p.<.05] The same pattern 
of results was observed in the case of preference of use: “listening” [t 
(72)=5.90, p<.05], “speaking” [t (72)=13.44, p<.05], “reading” [t (72)=5.81, 
p<.05] and “writing” [t (72)=6.68; p.<.05] 


Materials. The set of words previously used by Ferre et al. (2006) 
and Guasch et al. (2008) was used. A total of 70 sets of seven words each 
were selected as critical material for the experiment. All the words were 
specific nouns and belonged to various semantic categories, (e.g. 
appliances, living things, etc.). (See the Appendix for the list of materials). 

The words were presented in pairs. In Experiment 1, the first word in 
the pair was always presented in Catalan and the second in Spanish, so that 
for the Catalan dominant group the first word was in its LI, while for the 
Spanish dominant group it was in its L2. The word in Catalan could be 
presented in one of the following seven experimental conditions: 

1. Translation : the word in Catalan was followed by its Spanish 
translation (e.g. ruc-BURRO) [donkey-DONKEY], 
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2. Very close semantic relationship : the word in Catalan was presented 
followed by a word in Spanish that was very closely related in 
meaning with its correct translation (e.g. ruc-CABALLO) [donkey- 
HORSE]. 

3. Control for the very close semantic relationship-, the word in Catalan 
was presented, and followed by a word in Spanish that was neither 
related in form nor in meaning (e.g. rue- DOMINGO ) [donkey- 
SUNDAY] 

4. Less close semantic relationship : the word in Catalan was followed by 
a word in Spanish that was less closely related semantically (e.g. ruc- 
OSO ) [donkey-BEAR]. 

5. Control for the less close semantic relationship-, the word in Catalan 
was presented followed by a word in Spanish presented that was 
neither related in form nor in meaning (e.g. rue- SED ) [donkey- 
THIRST]. 

6. Form : the word in Catalan was presented followed by a word in 
Spanish that was orthographically similar to the translation (e.g. ruc- 
BERRO ) [donkey-WATERCRESS]. 

7. Control of form : the word in Catalan was followed by a word in 
Spanish that was neither related in form nor in meaning (e.g. ruc- 
LEJIA ) [donkey-BLEACH]. 

The words in the control conditions (3, 5 and 7) were comparable in 
length and frequency to the words in the matching related condition (2, 4 
and 6 respectively). (The data for frequency data of Spanish are taken from 
BPal, Davis and Perea, 2005, and those for Catalan from the IEC 
Dictionary). (See Table 2). None of the comparisons between these 
variables was significant (ts<l). 

The level of similarity and semantic distance in the words of the 
semantic conditions (condition 2 and 4) were taken from the study by 
Sanchez-Casas, et al. (2006). The similarity was obtained using the same 
procedure as Talamas. et. al, (1999) and Sunderman & Kroll (2006), and the 
semantic distance from the data obtained in a feature generation task (see 
Sanchez-Casas et al., 2006, for details of the procedure). The data showed 
that the words in the very close relationship were closer to each other 
semantically than those in the less close relationship and were rated as 
significantly more similar to each other (see Table 3). 
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Table 2: Mean length (number of letters) and frequency of use of the 
words included in the experimental and control conditions in 
Experiment 1 (Catalan- Spanish direction). 

Relationship Control 


Condition 

Length 

Frequency 

Length 

Frequency 

Very close semantic 

6.5 

16.2 

6.4 

15.8 

Less close semantic 

6.3 

13.2 

6.3 

13.3 

Form 

6.2 

38.4 

6.2 

31.3 


Table 3: Means (and standard deviation) of similarity ratings between 
words with very close and less close relationship, used in Experiment 1 
and 2. 


Very close Less close 


Similarity ratings 


6.19(0.82) 4.07(0.71) 


Semantic distance 


0.73 (0.21) 1.03 (0.15) 


As well as the sets of critical words, there were 50 other pairs of 
translations, which acted as filler pairs. These translations belonged to the 
same semantic categories as the pairs of non-translations. The seven 
experimental conditions were counterbalanced, leading to seven different 
lists, so that each participant only saw one item in a given experimental 
condition, but each item appeared in each experimental condition on all the 
lists. All the lists consisted of 120 items: 60 translations and 60 false 
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translations. Each list was administered to two groups of participants 
(dominant in Catalan vs. dominant in Spanish). The 50 pairs of filler 
translations were the same in the seven lists. 

Procedure. The participants participated in the experiment 
individually. Each one was randomly administered one of the seven 
versions of the experiment. A translation recognition task was used, in 
which the participants were asked to decide whether the second word in a 
pair was a correct translation of the first. They had to answer by pushing 
one of two buttons: the “YES” button, with their preferred hand, if the 
second word in the translation was a correct translation, or the “NO” button, 
with the other hand, if it was not the correct translation. The computer 
generated a pseudo-random order of presentation for each participant, 
thereby avoiding the consecutive appearance of more than two stimuli in the 
same condition. The stimuli were presented on a video monitor controlled 
by a PC, using the DMDX program (Forster & Forster, 2003). This 
programme enables the on-screen display time for each stimulus to be 
synchronised with the monitor's screen reload rate. The presentation 
sequence was as follows: first, a fixation point (“#”) appeared for 500 ms; 
immediately afterwards, the first word of the pair (in Catalan) was 
presented for 250 ms, and immediately afterwards, the second word (in 
Spanish) was presented in capital letters for 1,500 ms in one of the seven 
experimental conditions. The participants self-administered the tests by 
pressing a pedal with their foot. After each test, they were given a feedback 
about the answer they had given. If the answer was correct, the word 
“ Correcto ” or “ Correcte ” [Correct] appeared on the screen, depending on 
the translation direction (i.e., Catalan-Spanish or Spanish-Catalan, 
respectively), with the reaction time in milliseconds; if the answer was 
incorrect, only the word “ Error ” [Error] appeared on the screen. If there 
was no response to the stimulus, the phrase ‘Wo respuestcT or ‘Wo 
resposta ” [No response] was displayed. 

Before starting the experiment, the participants received written 
instructions in their dominant language. These instructions explained the 
task, and emphasised that they had to answer as accurately and as quickly as 
possible, but not quickly enough to lead to a high percentage of errors. The 
experiment began with 11 practice stimuli that represented the different 
conditions in the experiment. The experiment lasted approximately 25 
minutes. 
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RESULTS AND DISCUSSION 

Reaction times (RTs) for the trials in which the participants made an 
error were not included in the analysis. Likewise, the RTs with values of 
more or less than two standard deviations from the participant's mean were 
adjusted to the values of 200 ms (minimum) and 2000 ms (maximum) 
established beforehand as cut-off points, to moderate the influence of 
extreme responses. This led to the exclusion of 4.7% of the data. Data from 
five participants who made more than 15% of errors were excluded from the 
analysis. 

Data from non-translation tests: Table 4 shows the RTs and the 
percentage of errors (%E) in each of the three types of related words (very 
close semantic, less close semantic and form) in the two relationship 
conditions (relationship vs. control). 

ANOVAs based on participant and item response latencies and error 
percentages were conducted based on a factorial design of three factors 
(3x2x2). The “type of relationship” factor had three levels (very close, less 
close and form). The “relationship” factor had two levels (related vs. 
control). Finally, the “group of participants” factor had two levels (Catalan 
dominance and Spanish dominance). The first two factors were repeated 
measures both in the analysis by participants and in the analysis by items. 
The third factor was between-subjects in the analysis by participants, and 
within-subjects in the analysis by items. 

ANOVAs on the reaction times revealed a main effect of type of 
relationship both in the analysis by participants [Fi (2, 166)=15.60, p<.05, 
r| 2 =0.16] and in the analysis by items [F 2 (2, 264)=7.51, p<.05, ri 2 =0.05]. 
The relationship factor was also significant in the analysis by participants 
[Fi (1, 83)=79.76, p<.05, r| 2 =0.49] and in the analysis by items [F 2 (1, 
132)=44.64, p<.05, r| =0.25]. The dominance factor was not significant in 
the analysis by participants [Fi(l, 83)=2.24, p>.05], but was significant in 
the analysis by items [F 2 (1, 132)=18.71, p<.05, r| 2 =0.12]. The interaction 
between type of relationship and relationship was significant in both 
analyses [Fi (2, 166)=6.48, p<.05, ri 2 =.07; F 2 (2, 264)=5.70 p<.05, r| 2 =0.04]. 
The interaction between type of relationship and dominance, and the 
threefold interaction between type of relationship, relationship and 
dominance, were not significant (Fs <1). 
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Table 4: Mean reaction time (RT, in ms) and percentage of errors (%E) 
in the different experimental conditions together with the 
corresponding interference effects in Experiment 1 and 2, after 
collapsing dominance. 



Experiment 1 

Catalan- Spanish 

direction 


Experiment 2 

Spanish - Catalan 

direction 

Condition 

Mean %E 


Mean %E 

Very close 

(e.g. ruc-caballo) [donkey-horse] 

775 

30.0 


768 

27.8 

Control 

(e.g. ruc-domingo) [donkey-Sunday] 

721 

2.4 


717 

2.2 

Interference effect 

54* 

28.6* 


51* 

25.6* 

Less close 

(e.g. ruc-oso) [donkey-bear]. 

721 

4.0 


728 

n 

Control 

(e.g. ruc-beso) [donkey-kiss] 

701 

1.8 


712 

3.3 

Interference effect 

20 

2.2 


16 

0.9 

Form 

(e.g. ruc-berro) [donkey-watercress] 

778 

14.7 


784 

15.8 

Control 

(e.g. ruc-lejia) [donkey-bleach]. 

711 

2.0 


713 

2.9 

Interference effect 

67* 

12.7* 


71* 



p.<.05. The examples of the items in condition (very close, less close and form) are from 
Experiment 1. 
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Due to the lack of interaction between dominance and the factors type 
of relationship and relationship, the data for the two dominance groups 
(Catalan and Spanish) were collapsed. Planned comparisons were 
performed with the RTs between each of the conditions of the type of 
relationship factor (very close, less close and fonn) and the specific control 
condition for each one. The comparisons revealed a significant interference 
effect on the very close semantic condition (54ms) [fi (84)=5.00, p<.05; t 2 
(64)=4.67, p<.05], on the form condition (67ms) [fi (84)=8.45, p< 0.5; t 2 
(68)=5.04, p<.05], and on the less close semantic condition (20ms) in the 
analysis by participants [fi (84)=2.53, p<.05] but not in the analysis by items 
[t 2 (69)=1.67,p=10]. 

The pattern of ANOVA results for the errors is similar to that 
obtained in the RT analysis. The type of relationship factor was significant 
[Fi (2, 166)=97.30, p<.05, ti 2 =0.54; F 2 (2, 276)=50.17, p<.05, rj 2 =0.27]. 
The relationship factor was also significant [Fi (1, 83)=239.96, p<.05 
r|i 2 =0.74; F? (1, 138)=169.76, p<.05, r| 2 2 =0.55] as was the interaction 
between type of relationship and relationship [Fi (2, 166)=91.09, p<.05, 
ri 2 =.52; F 2 (2, 276)=43.72, p<.05, r| 2 =0.24]. The dominance factor was 
neither significant in the analysis by participants [Fi(l, 83)=0.14, p>.05] nor 
in the analysis by items [( F 2 (l, 138)=0.37, p>.05.]. As in the analysis of the 
RTs, the interactions between type of relationship and dominance [Fi (2, 
166)=0.64, p>.05; F 2 (2, 276)=0.16, p>.05], between relationship and 
dominance [Fi (1, 83)=0.05, p>.05; F 2 (l, 138)=0.00, p>.05] and between 
type of relationship, relationship and dominance [Fi (2, 166)=0.62, p>.05; 
F 2 (2, 276)=0.09, p>.05] were not significant. 

After collapsing the dominance factor, the results of the planned 
comparisons with the error data showed a significant interference effect in 
the very close semantic relationship [fi (84)=15.40, p<.05; t 2 (69)=8.77, 
p<.05], and in the form relationship [fi (84)=8.92, p<.05; t 2 (69)=5.92, 
p<.05]. In the case of the less close semantic relationship, the interference 
effect was significant only in the analysis by participants [fi (84)=2.68, 
p<.05; t 2 (69)=1.43, p=0.16]. The pattern of results is consistent with that 
obtained with the RTs. The participants made more errors in the related 
conditions than in the control conditions. 

Figure 2 shows the magnitude of the interference effect in the three 
experimental conditions: very close and less close semantic relationships, 
and relationship of fonn. 
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Translation recognition task (TR) 



■ Catalan- Spanish 
direction 

■ Spanish-Catalan 
direction 


Very close Less close Form 

(semantic) (semantic) 


Type of word relation 


Figure 2: Magnitude of the interference effect (ms) in the three types of 
word relations (very close, less close, and form) and in the two 
translation directions (Catalan-Spanish vs. Spanish-Catalan) 


Similarly to Ferre et al. (2006) with early highly proficient bilinguals, 
words with a very close semantic relationship and words related in form 
were found to produce interference effects. Moreover, planned comparisons 
between the magnitude of these effects revealed that they were of a similar 
magnitude in response times (54 vs. 67 ms, see Figure 2) [fi(84)=1.00, 
p>. 05; f>(63)=0.75, p>. 05], with less errors being observed with form 
related words [0(84)=7.49, /?<.05; t 2 (69)=3.38, p<. 05]. However, unlike 
these authors, it is important to notice that in the present experiment less 
close semantic relations did produce some interference effect (20 ms 
significant by participants), while this was not the case in Ferre et al.'s 
study (a non-significant 7 ms). More relevant, the correlation between the 
similarity ratings 1 and the magnitude of the semantic interference was 
significant [r=0.239, p<. 05], as well as the difference in magnitude (34 ms) 
between very close (54 ms) and less close semantic relationships (20 ms) 
[fi(84)=2.50, p<. 05; G(64)=2.60, p <.05 and fi(84)p.<.05; t 2 (69)=8.15, 


Semantic similarity ratings were used instead of semantic distances as only the former 
were distributed within a continuum (from 1 to 7). The classification of the very close and 
less close semantically related words was established dichotomically. However, the 
correlations between both measures is significant measures (r = -0.59, p < .001, see 
Sanchez-Casas, Ferre, Garcia-Albea, & Guasch, 2006). 





Semantic interference effects 


97 


p <.05 for RT and errors respectively]. These findings can be interpreted as 
supporting the DRM since they showed that the greater the degree of 
meaning similarity between two words, the more number of shared nodes 
will became activated, and consequently, greater interference effects will be 
observed when the semantic relation is very close. 

In the following experiment, we examined the interference effects in 
the same type of relationships but in this case, the first word was presented 
in Spanish and the second in Catalan. 


EXPERIMENT 2: SPANISH - CATALAN DIRECTION 

METHOD 

Participants. A total of 71 first year Psychology students at 
Universitat Rovira i Virgili (Tarragona) participated in the experiment. The 
mean age of the participants was 19.6 (SD = 2.6). They all had normal or 
corrected vision and none had participated in the previous experiment (see 
Table 1). 

Spanish dominant group: The 21 participants in the Spanish dominant 
group had been born in Catalonia and had learned Catalan in childhood (age 

of acquisition X = 1.7, SD = 1.5). The Spanish dominant group assessed 
itself as more proficient in Spanish than in Catalan at “listening” [t 
(16)=2.74, p<.05], “reading” [t (16)=3.34, p<.05] and “speaking” [t 
(16)=2.89, p<.05]; while for "writing", it assessed itself as equally 
proficient in both languages [t (16)=0.53, p>.05], 

Catalan dominant group: The 50 participants in the Catalan dominant 
group were born in Catalonia and had acquired both languages during their 
childhood (age of acquisition of Spanish X = 2.3, SD = 2.2). No significant 
differences were observed between Catalan and Spanish in “listening” 
[t(33)=1.00, p>.05], “reading” [t (33)=1.00, p>.05] and “writing” [t 
(33)=0.68, p>.05]. The only significant difference observed was in 
“speaking” [t(33)=4.37, p<.05]. 

As for the comparison of frequency and preference of use, the pattern 
found is identical to the bilingual speakers in Experiment 1. The first 
language is used more often (“listening” [t (49)=4.78, p<.05]; “speaking” [t 
(49)=7.17, p<.05]; “reading” [t (49)=2.80„ p.<.05] “writing” [t (49)=4.09; 
p.<.05]); likewise, the first language obtained higher scores in preferences 
for use (“listening” [t (49)=3.57, p<.05]; “speaking” [t (49)=8.54, p<.05]; 
“reading” [t (49)=3.66, p<.05]; “writing” [t (49)=4.30; p.<.05]). 
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Material. In this experiment, the first word was presented in Spanish 
and the second one in Catalan (e.g. burro -CAVALL, close semantic 
relation) [donkey-HORSE], The critical words were the same as those used 
in Experiment 1 (see Appendix). The only difference here concerns the 
words in the control conditions, since in this case the controls for each 
condition were selected so that they were matched in frequency and length 
to the words in Catalan. For instance, in the word pair burro - CAVALL, the 
control word PASSAT was the same frequency and length as the Catalan 
word CAVALL. For the Spanish dominant group, the first word was in its 
LI and for the Catalan dominant group it was in its L2. 

Table 5 shows the data for length and frequencies of the various 
types of relations in the relationship and control condition. None of the 
comparisons between the related condition and the control were significant 
(all ts < 1). 

Procedure. The procedure and equipment used were the same as 
those used in Experiment 1. 


Table 5: Mean length (number of letters) and frequency of use of the 
words included in the experimental and control conditions in 
Experiment 2 (Spanish- Catalan direction). 


Relationship Control 


Condition 

Length 

Frequency 

Length 

Frequency 

Very close semantic 

6.4 

31.6 

6.4 

30.5 

Less close semantic 

5.9 

35.4 

5.9 

35.0 

Form 

5.9 

165.4 

5.9 

180.2 
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RESULTS AND DISCUSSION 

Reaction times (RTs) of the trials in which the participants made an 
error were not included in the analysis. Likewise, RTs with values of more 
or less than two standard deviations from the participant's mean were 
adjusted to the values of 200 ms (minimum) and 2,000 ms (maximum) 
established beforehand as cut-off points, to moderate the influence of 
extreme responses. This led to the exclusion of 4.8% of the data. Data from 
eight participants who made more than 15% of errors were excluded from 
the analysis. 


Data from non-translation tests: Table 3 shows the mean reaction 
times (RTs) and the percentage of errors (%E) when the first word appeared 
in Spanish and the second in Catalan. 

The results were similar to those obtained in the previous experiment. 
In the analysis of the RTs, both type of relationship [Fi (2, 138)=7.58, 
p<.05, r| 2 =0.10; F 2 (2, 238)=7.63, p<.05, rfi=0.06] and relationship [Fi (1, 
69)=58.90, p<.05, rj 2 =0.46; F 2 (1, 119)=39.70, p<-05, rj 2 =0.25] were 
significant. The dominance factor was not significant in the analysis by 
participants but was significant in the analysis by items [F 1 (1, 69)=0.34, 
p>.05; F 2 (l, 119)=7.08, p<.05]. The same was observed in the interaction 
between the factors type of relationship and relationship [Fi (2, 138)=4.26, 
p<.05, ri 2 =0.06; F 2 (2, 238)=5.80 p<.05, ri 2 =0.05]. On the other hand, 
neither the interaction between type of relationship and dominance [Fi (2, 
138)=0.24, p>.05; F 2 (2, 238)=0.74, p>.05], nor between relationship and 
dominance [Fi (1, 69)=0.27, p>.05; F 2 (1, 119)=0.72, p>.05] nor the triple 
interaction [Fi (2, 138)=0.27, p>.05; F 2 (2, 238)=0.03, p>.05] were 
significant. 

After collapsing the dominance factor, planned comparisons showed a 
significant interference effect in the RTs in the very close semantic 
relationship (51 ms) [fi (70)=4.19, p<.05; t 2 (57)=4.12, p<.05]. In the less 
close semantic relationship, this effect was less marked (16 ms) and was 
marginal in the analysis by participants, and significant in the analysis by 
items [ti(70)=l.77, p=.08; t 2 (67)=2.20, p<.05]. In the form relationship, the 
interference effect was significant in both analyses [fi (70)=6.78, p<.05; 
t 2 (62)=5.73, p<.05]. 

The pattern of ANOVA results for the error data revealed a main 
effects of type of relationship [F 1 (2, 138)=42.50, p<.05, ri 2 =.38; F 2 (2, 
276)=29.89, p<.05, ri 2 =0.18], and of relationship [Fi (1, 69)=170.32, p<.05, 
r| 2 =0.71; F 2 (1, 138)=102.10, p<.05, ri 2 =0.43]). The interaction between 
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type of relationship and relationship was also significant [Fi (2, 138)=48.93, 
p<.05, rfi=.42; F 2 (2, 276)=29.66, p<.05, r| 2 =0.18]. The dominance factor 
presented no significant differences [F i (1, 69)=2.70, p>.05; F 2 (l, 
138)=1.56, p>.05]. Neither the interaction between type of relationship and 
dominance [Fi (2, 138)=1.09, p>.05; F 2 (2, 276)=0.80, p>.05], nor the 
interaction between relationship and dominance [Fi (1, 69)=1.00, p>.05; F 2 
(1, 138)=0.58, p>.05], nor the triple interaction [Fi (2, 138)=0.70, p>.05; F? 
(2, 276)=0.81, p>.05] were significant. ANOVA on the percentage of errors 
were generally similar to those obtained with the RTs, with the only 
difference being that the dominance factor was not significant in the 
analysis by items. 

Planned comparisons of the %E showed a significant interference 
effect in the very close semantic relationship [fi (70)=11.99, p<.05; t 2 
(69)=7.15, p<.05], and in the form relationship [fi (70)=9.27, p<.05; t 2 
(69)=5.70, p<.05]. Unlike the results obtained in the RTs analysis, the 
differences in the less close relationship were not significant [fi(70)=0.73, 
p>.05; t 2 (69)=0.66, p>0.5]. 

The results obtained in the Spanish to Catalan direction were very 
similar to those observed in the Catalan to Spanish direction examined in 
the previous experiment. Interference effects in both very close semantic 
and form relationships were obtained and they were not reliable with less 
closely semantically related words. As in Experiment 1, planned 
comparisons were performed to compare the magnitude of the interference 
effects across the relevant conditions (see Figure 2). The results of these 
comparisons in the RTs once again revealed that the effects when words 
were very close related in meaning were not significantly different that 
when words were related in form in the [fi(70)=1.14, p>. 05; fi(51)=1.03, 
p>. 05], and they reached significance in the case of errors [fi(70)=4.90, 
p<.05; fi(69)=2.90,/K.05]. 

As predicted by the DRM, the results of this experiment also showed 
that the interference effects are modulated by the degree of meaning 
similarity. Once again, the semantic interference was greater in the very 
close semantic relationships (51 ms.) than in the less close ones (16), both 
in the RT [fi(70)=2.21, p<. 05; fi(57)=2.44, p <.05 and in the errors 
[fi(70)=10.64, p<. 05; fi(69)=6.80, /?<.05]. Similarly, the correlation 
between the semantic similarity ratings and the size of the interference 
effect was significant.[7^=0.335,/7<.05]. 
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GENERAL DISCUSSION 

The main aim of this study was to examine the effect of the degree of 
semantic similarity between LI and L2 words in order to determine how 
words from the two languages are connected at the semantic/conceptual 
representation level, and to what extent meaning is activated across 
languages during the translation processes. In order to achieve this aim, we 
carried out two experiments with proficient bilinguals of Spanish and 
Catalan who were dominant in one of the two languages by using the 
translation recognition task and by manipulating the degree of similarity in 
meaning between the words from both languages (very close relationship 
and less close relationship), as well as their relationship in form. 

Based on previous studies, and taking the distributed 
representational model (DRM) as theoretical framework, our specific 
objectives were as follows. First, we aimed to determine whether 
interference effects could be observed in the less close semantic relationship 
with an exposure time of 250 ms for the first word of the pair, as these 
effects had not been previously observed on a systematic basis with longer 
exposure times. Secondly, we tested, for the first time, whether the 
interference effects were observed in highly proficient bilinguals in both 
directions of translation (L1-L2 vs. L2-L1). Finally, we attempted to 
examine, also for the first time, whether the pattern of interference effects is 
influenced by the bilingual speaker's dominance (Spanish or Catalan) or 
what is relevant is to have a high level of proficiency in the two languages. 

With regard to the first objective, our hypothesis, the low activation 
account, was that a presentation time of 250 ms would enable detection of 
the activation of the semantic representation of the less similar words, 
which would be apparent in the presence of interference effects. This 
hypothesis was not clearly confirmed by the reported findings. As predicted 
by the DRM and similarly to previous studies with bilinguals of Spanish 
and Catalan, a reliable interference effect was observed in the very close 
semantic relationships. Moreover, this effect (52 ms.) was of a similar 
magnitude to that reported in those studies (47 and 40 ms in (Ferre et al., 
2006; Guasch et al., 2008, respectively). 

However, the effects observed in the less close semantic relationship 
(e.g. ruc-oso) [donkey-bear], although in the expected direction, did not 
reach significance, contrasting with Talamas et al. (1999) and Sunderman & 
Kroll's (2006) ad hoc analyses which revealed semantic interference effects 
with words both very closely and less closely related. Nevertheless, it is 
important to notice that in the present experiments close semantic relations 
did not produce null interference effects (20 and 16 ms. in the Catalan- 
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Spanish and Spanish-Catalan direction respectively); and the correlations 
between the similarity judgments and the magnitude of the semantic 
interference were in both cases significant. These data could be interpreted 
as evidence that the degree of semantic similarity may also modulate 
semantic activation across languages in the interference paradigm, in line 
with the DRM predictions. 

One question that needs to be addressed before further exploring such 
an interpretation is why the same manipulation with the same non- 
associative semantic relations produced a clear modulation of the 
facilitation effects with Spanish-Catalan bilinguals (Guasch et al., in press). 
One possible explanation is that the paradigm and the demands of the tasks 
(translation recognition, lexical decision, or semantic categorization) used 
in all these studies partially detennine whether interference and facilitation 
effects are observed in words with a less close semantic relationship. 
Although it is obvious that in all the tasks used the meaning of words is 
processed, as semantic facilitation and interference effects can be observed 
in all of them, the participants have to decide whether the two words have 
the same meaning only in the translation recognition task. This decision 
could require greater demands for semantic processing than either lexical 
decisions or concreteness judgements in the semantic categorisation task. 
Complementary to this explanation, it is also possible that the exposure time 
of 250 ms is not short enough for clear interference effects to emerge in the 
reaction times, as the activation level declines very quickly. One measure 
that has proven to be very sensitive to the time-course of processing from 
very early stages, and which could detect the activation caused by less 
similar words, is the recording of event-related brain potentials (ERPs). 
Various studies provide evidence that the N400 component is sensitive to 
semantic processing when the priming paradigm is used (e.g. Holcomb & 
Grainger, 2006; Kiyonaga, Grainger, Midgley & Holcomb, 2007). It would 
be necessary to determine whether this component is elicited in the 
translation recognition task, using the same type of related words as those 
included in our study. If less similar words lead to activation through 
languages, we would expect to find an N400, although perhaps one smaller 
than that produced by words with more similarity in meaning. 

Our second aim was to test for the first time in highly proficient 
(balanced) bilinguals, whether the interference effects could be observed in 
both directions of translation (L1-L2 vs. L2-L1). Our data clearly show that 
the pattern of results is very similar, not only in terms of the pattern of 
interference effects, but also with respect to the magnitude of these effects. 
These data are consistent with those obtained in priming studies with very 
proficient bilinguals, where the magnitude of the semantic facilitation 
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effects is the same in both translation directions (e.g. Guasch et ah, in press; 
Perea, et ah, 2008). They also confirm the prediction of the DRM that 
proficient bilingual speakers would present no differences in the magnitude 
of interference effects regardless of the language they are translating from 
(LI or L2), supporting the view that semantic representations are shared 
across languages and are activated during access from either language. 

Finally, the third aim of this study was to examine, also for the first 
time, the possible role of dominance (Catalan or Spanish) of the bilinguals 
when proficiency is very high and similar in both languages. Our hypothesis 
was that if dominance is the critical variable in determining the pattern of 
interference effects, it would be possible to observe an asymmetry in the 
pattern of interference so that greater effects would be observed when 
translating from the more dominant language to the less dominant (in our 
case LI to L2) than in the opposite direction (L2-L1). On the other hand, if 
proficiency is the determinant factor, we would expect to find the same 
interference pattern in the two groups of bilinguals (those dominant in 
Spanish and those dominant in Catalan). The results showed the same 
pattern of interference effects regardless of the participants' dominant 
language. As well as being a new result, the absence of effects of 
dominance suggests that proficiency is the critical factor in determining the 
connections established between the lexical level and the conceptual level, 
as well as the extent to which meaning is activated across languages. 

To conclude, this study was designed to contribute to a greater 
understanding of how words from LI and L2 are connected at the semantic 
level of representation, and to what extent their meanings can be accessed 
directly from both languages. The results obtained provide evidence that 
confirms that there is semantic activation between languages in very 
proficient bilinguals, regardless of their dominance and the direction of 
translation. Likewise, the results have confirmed that the amount of 
semantic activation can vary depending on the degree of proximity in 
meaning, as the DRM predicts. In addition, the data also enable us to 
identify some factors that would be interesting to examine in future 
research, such as the type of semantic relationship, the demands of the task 
and the type of measure used to record the time course of the activation. 
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RESUMEN 

Efectos de interferencia en funcion del grado de semejanza en la tarea 
de reconocimiento de traducciones en bilingiies de Catalan y Castellano. 

Estudios previos han mostrado que pares de palabras relacionadas en forma 
(ej ., ruc-berro) o con una relacion semantica muy proxima (ej., ruc-caballo) 
producen efectos de interferencia en una tarea de reconocimiento de 
traducciones (Ferre et al., 2006; Guasch et al., 2008). Sin embargo, dichos 
efectos no se observan en palabras de relacion semantica proxima (ej., ruc- 
oso ). La ausencia de efecto de interferencia en las palabras menos semejante 
en el significado podria ser atribuida al bajo nivel de activation de las 
representaciones semanticas correspondientes en el momento de determinar 
si son o no traducciones. El presente estudio pone a prueba dicha posibilidad 
utilizando el mismo material que los estudios previos, pero disminuyendo el 
tiempo de presentacion de la palabra a traducir de 500 ms. a 250 ms. En 
concreto, se examina el rendimiento de bilingiies muy competentes en 
Castellano y Catalan en dos experimentos, manipulando la direccion de la 
traduccion: Catalan - Castellano (Exp.l) y Castellano- Catalan (Exp.2). Los 
resultados revelan efectos de interferencia significativos linicamente en las 
palabras relacionadas en forma y muy proximas en el significado, pero no en 
aquellas con una relacion semantica menos proxima. El patron de los 
resultados fue similar en las dos direcciones de traduccion, 
independientemente de la lengua dominante de los participantes. 
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APPENDIX 

List of critical words used, in alphabetical order, in the various relationship 
conditions (translation, very close semantic, less close semantic and form), both in 
Spanish (first word) and in Catalan (second word). The translations into English are 
in brackets. 
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Appendix (continued) 





manzanapoma (apple) naranja taronja (orange tree) coliflor coliflor (cauliflower) mantecapota (lard/leg) 

mariposa papallona (butterfly) polilla ama (moth) pavo titot (turkey) marinera paperina (seafaring/cone) 

mejilldn muscle (mussel) almeja cloi'ssa (clam) ballena balena (whale) mejilla mascle (cheek /male) 

melocotdn prdssec (peach) ciruela prana (plum) nabo nap (turnip) malecon prestec (pier/loan) 
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Appendix (continued) 
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pulpo pop (octopus) calamar calamar (squid) salmon salmo (salmon) pulso pou (pulse /well) 

queso formatge (cheese) cuajada quallada(curd) flan flam (creme caramel) hueso fullatge (bone / foliage) 
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Appendix (continued) 
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